We consider the case that the solar neutrino deficit is due to the vacuum oscillation.
Neutrino flavor oscillations provide information of the fundamental property of neutrinos such as masses, flavor mixings. In these years, there is growing experimental evidences of neutrino oscillations. The exciting one is the atmospheric neutrino deficit [1] ∼ [3] as well as the solar neutrino deficit [4] . Super-Kamiokande [5] presented the near-maximal neutrino flavor oscillation in atmospheric neutrinos. Recent
Super-Kamiokande data also suggest that vacuum oscillation regions are favored in the analysis of day-night spectra and energy shape of the solar neutrino [6] ∼ [8] . Therefore, three flavor analyses are very important for the vacuum oscillation of solar neutrinos [9] [10] . Results of those analyses can give constraints on the structure of the lepton mass matrices. Therefore, it is urgent to make clear predictions quantitatively in the lepton mass matrix models which give near-maximal solar and atmospheric vacuum oscillations [11] ∼ [13] .
There is a typical texture of the lepton mass matrix with nearly bi-maximal mixing of three neutrinos, which is derived from the symmetry of the lepton flavor democracy by Fritzsch and Xing [14] , or from the S 3L ×S 3R symmetry of the left-handed Majorana neutrino mass matrix given by Fukugita, Tanimoto and Yanagida [15] . These models can give identical predictions for the neutrino mixings sin 2 2θ ⊙ ≃ 1 and sin 2 2θ atm ≃ 8/9
although those depend on the symmetry breaking patterns. However, these predictions are considerably changed if the symmetry breaking terms are correctly taking into account. In this paper, we investigate the quantitative predictions on the neutrino flavor mixings including symmetry breaking terms, which become significant for long baseline(LBL) neutrino oscillation experiments. In particular, LBL experiments of ν µ → ν e can test the prediction of U e3 in the model. The first LBL reactor experiment CHOOZ has already reported a bound of the neutrino oscillation [16] , which gives a strong constraint of the flavor mixing pattern. The LBL accelerator experiment K2K [17] is planned to begin taking data in the next year, whereas the MINOS [18] and ICARUS [19] experiments will start in the first year of the next century. Thus, the lepton mass matrix model will be tested in the near future.
Our conservative approach is to assume that oscillations need only account for the solar and atmospheric neutrino data. Since the result of LSND [20] awaits confirmation by KARMEN experiment [21] , we do not take into consideration the LSND data in this paper. Recent results of atmospheric neutrinos at Super-Kamiokande [5] suggest ν µ → ν τ oscillation with the near-maximal mixing. Since the CHOOZ result [16] excludes the large neutrino oscillation of ν µ → ν e as far as ∆m 2 ≥ 9 × 10 −4 eV 2 , the large mixing between ν µ and ν τ is a reasonable interpretation for the atmospheric ν µ deficit. Our starting point as to neutrino mixings is the near-maximal ν µ → ν τ oscillation with The texture of the lepton mass matrices with nearly bi-maximal mixing of three neutrinos was presented based on the democratic mass matrix as follows [14] [15]: the charged lepton mass matrix is
where the second matrix is the symmetry breaking terms, which were given for quark mass matrices by Koide [22] , and δ ℓ , ρ ℓ and ǫ ℓ are complex parameters in general. By neglecting CP violating phases and using c ℓ ≫ ǫ ℓ ≫ ρ ℓ , δ ℓ , this matrix is diagonalized approximately as
where
with
The unitary matrix V ℓ is given as V ℓ = F L, where
If a special condition δ ℓ = −ρ ℓ is taken, one can obtain familiar relation |L 21 | ≃ sin θ ℓ ≃ |m ℓ1 /m ℓ2 |, which was used in refs. [14] and [15] . However, this condition is not guaranteed in the framework of the model. In our following analyses, a relation between δ ℓ and ρ ℓ is given only by the mass m ℓ1 = m e as seen in eq. (4), and so the value of L 21 is given arbitrary. The L 13 and L 31 mixings are suppressed compared with
On the other hand, the L 23 and L 32 mixings are almost fixed except for phases as
Let us turn to the neutrino sector. Assuming that the neutrinos are of the Majorana type, the neutrino mass matrix is
where the first matrix is S 3L invariant one and the second is the symmetry breaking one. It is noted that c ν = 0 and c ν = O(1eV) were taken in ref. [14] and in ref. [15] , respectively. Since the mass matrix of the neutrino is still diagonal one in both models, the same numerical results are obtained for flavor mixings. The neutrino masses are determined being independent of flavor mixings in this model. So the parameters δ ν , ρ ν and ǫ ν are easily constrained by putting ∆m The neutrino mixing matrix U αi is determined by only V ℓ of the charged leptons as follows:
Then, the relevant mixing parameters of solar neutrinos are:
where |L * 11 | 2 ≃ 1 − |L 21 | 2 and L 31 is neglected due to the suppression factor λ ℓ . These mixings are determined only by L 21 , which is still an unknown parameter because there remains at least one undetermined parameter in the mass matrix after fixing the charged lepton masses m e , m µ and m τ as seen in eq. (4) . If the complex phases are allowed in the symmetry breaking terms, there are more unknown parameters. On the other hand, the relevant mixing parameters of atmospheric neutrinos are:
where |L * As seen in eq. (11), there is a correlation between 4|U e1 U * e2 | 2 and |U e3 |, both are relevant quantities for the oscillation probability of solar neutrinos as follows:
Since those are given in terms of L 21 = |L 21 | exp(ip), we can present allowed region on the (|U e3 |, 4|U e1 U * e2 | 2 ) plane by changing |L 21 | and the phase p. In Fig.1 , the allowed region is shown between two curves for the case of p = 0 • and p = 90
• . If ∆m 2 31 ≥ 9 × 10 −4 eV 2 , the mixing |U e3 | is constrained by the CHOOZ experiment [16] , in which the oscillation probability is expressed as
For example, the CHOOZ result gave constraints sin LBL experiments provide an important test of the model because |U e3 | is a key ingredient for the ν µ → ν e oscillation as follows:
where |U µ3 | = 2/ √ 6 is put and the small CP violating term is neglected. Then, the expected maximal oscillation probability is 0.06 for ∆m 2 31 ≃ 5 × 10 −3 eV 2 at K2K [23] due to the constraint of the CHOOZ result [16] .
Let us consider the case of the atmospheric neutrino. By using L 32 ≃ 0.04 exp(iq),
we can estimate 4|U µ3 U * 
